IntroductionSeen but not Heard
injured and nearly 700 killed in Chechnya by landmines and unexploded ordnance since the armed conflict started in 1994. 10 This study was undertaken to assess the magnitude of injuries and deaths due to landmines and unexploded ordnance in Chechnya between 1994 and 2005 and to describe epidemiologic patterns and risk factors for these events.
Methods
Data on victims injured or killed by landmines and unexploded ordnance in Chechnya between 1994 and 2005 were obtained from UNICEF and Voice of the Mountains (VoM), a Chechen non-governmental organization (NGO) that collects victim data and manages the database.
The VoM, in collaboration with UNICEF, began collecting data on victims of landmines and unexploded ordnance in Chechnya in October of 2000. In 2001, the Geneva International Center for Humanitarian Demining introduced the Information Management System for Mine Action (IMSMA) in Chechnya, a standardized database widely used by the United Nations (UN) worldwide. Representatives of three local NGOs (VoM, Minga, and Let's Save the Generation) were trained in victim data collection by the Azerbaijan National Center for Mine Action. Voice of the Mountains staff were trained in data entry, management, and analysis. The UNICEF personnel also identified and trained 15 local mine surveillance monitors (one for each of the 15 districts of Chechnya) who act as liaisons to communities and governmental structures (district administration, district hospital, the police, and the school system), assuring complete detection of victims of landmines and unexploded ordnance.
Non-governmental organization staff trained in data collection obtained the initial reports on victims of landmines and unexploded ordnance or their families from a variety of sources, including the International Committee of the Red Cross, the Danish Demining Group, local NGOs providing humanitarian assistance to Chechen civilian and refugee populations, district administrations, district hospitals and health centers, and local police stations. After obtaining the victim's name and address, trained NGO staff interviewed the victim or victim's family using the standard IMSMA data collection form. This form conforms to the standard questionnaire of the World Health Organization recommended for use in the surveillance of landmine and unexploded ordnance injuries worldwide. Information collected includes the date and location of the accident, victim's demographics, circumstances of the accident (e.g., victim's activity at the time of accident, type of explosive device that caused the accident), and type of injuries sustained by the victim. Verbal informed consent was obtained before the interview.
Only data on civilian non-combatants were included in the database, while those involved in military or guerrilla activity at the time of the accident, victims of terrorist attacks, and victims injured directly during active fighting (e.g., victims of aerial bombardment, shelling, rocket attacks) were excluded. Both retrospective data on accidents that occurred since 1994 and prospective data on new injuries occurring since 2000 were collected.
Chechnya, a small Republic in the North Caucasus region of the Russian Federation, has a land mass about half the size of Belgium (15,300 km 2 ) and a population of roughly one million people. 5 For more than a decade, the population of this tiny Republic has been among those most heavily affected by landmines and unexploded ordnance. 6, 7 This report shows that for several years during the past decade, the rate of injury in Chechnya from these devices was higher than in any other country in the world for which data were available. In 2000 and 2001, injury rates in Chechnya were 10 times that of the world's most affected countries-Afghanistan, Cambodia, and Angola. This epidemic has gone largely unreported, and this apparently is the first published scientific analysis of data on such injuries from this region.
In Landmines were used extensively by Chechen guerrilla forces and Russian troops during both the First and Second Chechen Campaigns. 4, 8, 9 In addition, aerial bombardment, shelling, and active fighting in densely populated areas resulted in widespread contamination with unexploded ordnance. These weapons pose a serious threat and are as deadly as landmines. In 2005, the Chechen Ministry of Agriculture estimated that 30% of all agricultural land in Chechnya was affected by landmines and/or unexploded ordnance. The Danish Demining Group working in Chechnya since 2000 reported in 2005 that agricultural land and forested areas in Chechnya were heavily contaminated with landmines and unexploded ordnance, and that unexploded ordnance is likely to pose even more serious threat than landmines. 4 Furthermore, it reported that there was little or no marking or fencing of potentially dangerous areas, which would pose additional threats as the security situation improves, allowing more free movement of the population. Both the First and Second Chechen campaigns saw large movements of refugees and internally displaced populations during the heat of the conflict, which may have added to the burden of injury and death.
In a joint statement released in April 2006 in Moscow, the United Nations Children's Fund (UNICEF) and the European Commission reported that >3,000 people were Duplicate entries in the victim database were excluded by comparing victims' demographics as well as time and location of the accident. The official population estimate (1.08 million inhabitants) from the census conducted in Chechnya in October of 2002 was used as a denominator to calculate injury rates. 5 Statistical analyses were performed using JMP software (release 5.0, SAS Institute Inc, Cary, NC).
This study was determined to be exempt from institutional board review by the Institutional Review Board of the Centers for Disease Control and Prevention as it involved secondary analysis of routinely collected surveillance data used for programmatic purposes. Personal identifiers were not included in the final data set used for analyses. About one-quarter of all injuries occurred among children <18 years of age. Nineteen percent of all victims were females. Age distribution of injuries by sex of victim is presented in Figure 2 . The highest number of injuries occurred in males aged 15-24 years. Approximately 40% of all victims were injured by landmines, 30% by unexploded ordnance, and 7% by booby traps. The device that caused the accident was unknown for 23% of the victims (Table 1) . Large proportions of both children and adults were injured while traveling or performing activities of economic necessity (farming, tending animals, collecting wood, food, or water). In addition, nearly 29% of children were injured when they were playing in a contaminated area or tampering with an explosive device.
Results

Analysis included
Twenty-three percent of victims died as a result of the accident (Table 1 ). The case-fatality rate was higher in adults (25%) than in children (17%); it also was higher in males (24%) than females (17%). Children were more likely to be injured by unexploded ordnance and to sustain upper body injury compared with adults. The percentage of victims with lower limb amputations was similar among children and adults (14% and 17%, respectively), whereas the percentage of victims with upper limb amputations was three times higher in children than in adults (12% and 4%, respectively) ( Table 1) . Most of the accidents that occurred while the victim was traveling or performing activities of economic necessity were caused by landmines, while most accidents that occurred while the victim was playing near an explosive device or tampering with it were caused by unexploded ordnance (Table 2) .
Discussion
This study shows that during the past 12 years of armed conflict and civil unrest, the civilian population in Chechnya experienced the highest rates of injuries and deaths due to landmines and unexploded ordnance ever documented. Owing to the relatively small population at risk, the resulting injury rates from landmines and unexploded ordnance were unprecedented: 6.5 per 10,000 in 2000 and 5.8 per 10,000 in 2001. In comparison, rates of injury from landmines and unexploded ordnance in Afghanistan, Angola, and Cambodia (commonly perceived as the world's most affected countries) in 2000 were approximately 0.5, 0.7, and 0.6 per 10,000 per year, respectively. 6 Even with 93 recorded casualties in 2004, the rate of injury in Chechnya was the highest worldwide (0.9 per 10,000 per year).
The 2002 census is the only official census conducted in Chechnya between 1990 and 2005 and generally is considered to be an overestimate of the population living inside the republic at that time. 5 This population estimate (1.08 million inhabitants) was used as a denominator, which produced lower, more conservative estimates of population . 5 Using this estimate as a denominator would have produced higher injury rates. Furthermore, the Chechnya victim database includes only civilian non-combatants whereas victim statistics reported from other countries usually include both military and civilian casualties. If military and guerrilla casualties were included in the analyses, the population injury rates in Chechnya would be even higher. In addition, data presented in this report concern only acute injuries and do not address long-term physical disability and mental health concerns, which may add substantially to economic and public health burdens.
One-quarter of all victims of landmines and unexploded ordnance in Chechnya were children. Several previous studies also have reported a high proportion of child casualties. [11] [12] [13] [14] [15] In Afghanistan 12 and Eritrea, 13 46% and 41% of victims, respectively, were children <16 years of age. A higher proportion of children in Chechnya were injured by unexploded ordnance compared with adults, as was the case in Afghanistan as well as in Bosnia and Herzegovina. 15, 16 In Chechnya, 29% of children were injured while playing in a contaminated area or tampering with an explosive device. Because unexploded ordnance usually is more visible than landmines, these injuries may be more amenable to prevention through targeted educational messages. A higher proportion of upper limb amputations and upper body injuries among children compared with adults also suggests that children may be more likely than adults to handle explosives.
A high proportion of both children and adults were injured while traveling or performing activities of economic necessity (farming, tending animals, collecting wood, food, or water). As in many other post-conflict settings worldwide, landmines and unexploded ordnance in Chechnya pose a significant threat to the economic recovery process by contaminating arable land, preventing free population movement, and blocking access to vital infrastructure. 3 Approximately 23% of victims were killed at the scene of the accident. Because victim data collected in Chechnya come from a variety of sources besides health facilities, these data may capture more fatal injuries than data that are purely clinically based. Among victims of landmines and unexploded ordnance reported from health facilities in Afghanistan, the case fatality rate was only 9%, probably a substantial under-estimate because people who die before reaching a health facility are likely to be missed by such a clinically based surveillance system. 12 Interestingly, in Chechnya, the case-fatality rate among children was lower compared to adults, and the case-fatality rate among females was lower compared to males. Reasons for these differences are not well understood and warrant further investigation.
The downward trend in injury rates observed since 2002 may be attributed in part to mine risk education activities implemented by humanitarian organizations and to limited mine clearance conducted by government authorities. Because of persisting security threats, population movement still is limited.As population movement increases in the future, the number of injuries may also increase if comprehensive clearance of contaminated areas is not conducted in a timely fashion.
The results of this study are subject to several important limitations. Although victim surveillance used a standard questionnaire widely used by mine action programs worldwide, the validity and reliability of this instrument have not been formally assessed. Victim data collection was initiated in 2000, meaning a large proportion of all records were collected retrospectively, often several years after the accident occurred. Recall bias may have decreased the accuracy of such retrospective data, although surveillance monitors actively approached and interviewed retrospectively identified victims or their families, thus verifying and, if necessary, correcting the information obtained in an initial report. Because data presented in this paper were self-reported, reporting bias is a potential limitation. Reporting bias may be especially problematic when the victim is killed, and the information on the accident is obtained from the eyewitnesses or from the family of the victim. In addition, a substantial proportion of injuries that occurred prior to 2000 may not have been captured by the surveillance system. Because of security and logistical concerns, victim data collection was limited to casualties who were civilian non-combatants and did not include either military or guerrilla troops who were injured by landmines and unexploded ordinance. This may have significantly underestimated the magnitude of the problem and limited interpretation of the epidemiological patterns and risk factors for injury from landmines and unexploded ordnance. Although efforts were made to collect data on all civilian casualties, it is unlikely that all victims were captured by surveillance, which also would result in under-estimation of the magnitude of the problem.
Conclusions
Results of this study document unprecedented population rates of injury and death from landmines and unexploded ordnance among Chechen civilians, an issue that until recently has gone largely unreported. Many of these deaths and injuries are preventable.The UNICEF, the International Committee of the Red Cross and other humanitarian organizations have developed prevention programs that focus on mine risk education, survivor assistance, and advocacy activities to raise awareness of the problem. It is important that these initiatives continue and are fully supported.
Although injury rates have fallen in recent years, the threat will likely increase as the security situation improves in Chechnya, allowing more population movement and economic activity. Consequently, identification and marking of dangerous areas, followed by substantial mine clearance efforts, are urgently needed. If troops are withdrawn in the future, it will be critical to clear landmine fields that were originally laid to protect military encampments, checkpoints, and other military objects. Timely, coordinated, and sustained efforts of governmental structures and humanitarian organizations to implement these activities will be critical in preventing further injuries and deaths among civilians in Chechnya.
